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Energy Efficient Windows and Energy Codes 
Go Hand-in-Hand

Proliferation of energy efficient, low-e windows
Has led to improved energy codes to properly recognize the 
benefits of, and even require such windows

Low upgrade cost
Low-e windows can cost-effectively perform substantially 
better than clear, double pane windows for both heating and 
cooling energy use and comfort

NFRC in the Marketplace
As low-e technology progressed, rating tools developed to 
accurately determine improved performance, allowing the builders
and codes to specify a more efficient window



Energy Efficient Windows and Energy Codes 
Go Hand-in-Hand (cont.)

NFRC in Codes
First step in improving window provisions in codes were 
new requirements to use the NFRC rating system

Low-e Is the Primary Standard for Energy 
Efficient Windows

The obvious energy efficient window technology 
nationwide as codes have paved the way to substantial 
market share (40%), economies of scale and low upgrade 
cost

The IECC Requires Energy Efficient Windows 
for all but the central U.S.

DOE’s newest proposal should lead to low-e as the 
standard nationwide



Latest Model Building Energy Codes

2003 International Energy Conservation Code (IECC)
Chapter 11 of the 2003 International Residential Code (IRC)

These are “model” codes because they have been developed 
through a public hearing process by national experts under 
the direction of the International Code Council (ICC).

The ICC has developed the International “family” of codes, 
including other codes such as the International Building Code 
(IBC), International Mechanical Code (IMC), International 
Plumbing Code (IPC), and more.



What is the Difference Between the 
IECC and the IRC Energy Chapter?

Short answer:  Nothing!
The IRC energy chapter is a simplified prescriptive 
compliance option written to be entirely consistent with the 
IECC.
The IRC has two compliance options: (1) follow the 
simplified prescriptive option in its Chapter 11; or (2) follow 
the IECC.

The IRC option is capped at 15% window-to-wall area (same as 15% 
WWR table in IECC).  For higher glazing areas, user has to follow 
the IECC.

Chapter 6 of the IECC is (for all intents and purposes) the 
same as Chapter 11 of the IRC.



Why Are Building Energy Codes 
Important?

Set meaningful thresholds for all new construction 
and existing buildings:

Windows: maximum U-factors and SHGCs for windows, 
doors and skylights.
Insulation: minimum levels of insulation for walls, 
ceilings, floors, foundations and ducts.
Infiltration: require proper sealing.
Equipment: require proper HVAC equipment sizing 
(in an ideal code).

Ensure a baseline level of comfort and energy 
performance for all homes.





How Energy Efficient 
Windows Have Improved 
Codes



Energy Codes and Windows: Timeline

1980 1983 1990 1993   1995 1998  2000 2003   2010
1st MEC NFRC      SHGC/PESCR./

REPLACE
Single-pane dominates Double-pane dominates Low-e dominates

Ignored for 10 years: 1983 – 1993 MECs
Windows buried in wall requirements
Window SHGC ignored for compliance purposes

U-factor Born in the Code: 1995 MEC
NFRC 100 adopted

SHGC, Prescriptive Tables and Replacement Windows Born in the 
Code: 1998 – 2003 IECCs

NFRC 200 adopted
Simplified prescriptive tables (based on WWR) and a replacement window and 
additions table



Independent Rating System

National Fenestration Rating System
(NFRC)
■ Fenestration means windows, doors and skylights
■ Fair, accurate and credible

Ratings for the entire product:
■ Frame
■ Glass
■ Gas fills, Dividers, Spacers, etc.

Ratings:
■ U-factor, Solar Heat Gain 

Coefficient (SHGC), Visible
Transmittance (VT), Condensation 
Resistance (CR) and Air Leakage







Special Energy Code 
Requirements for 
Glazing in the South

Windows are the BIGGEST contributors to heat gain 
and heat loss in homes



0.40 Maximum Solar Heat Gain Coefficient 
(SHGC) Requirement in the IECC

In addition to prescriptive tables for U-factor, the 
1998 – 2003 IECCs limit the amount of solar heat that 
can pass through windows (SHGC).

SHGC = Solar Heat Gain Coefficient
The area-weighted average SHGC of all

fenestration installed in climates up to 3,500 HDD
shall not exceed 0.40

Applies to new AND replacement windows.
Low-solar gain, low-e windows are the easiest, most 
cost-effective way to meet this requirement.



Maximum 0.40 SHGC for HDD Less than 3,500



Area-Weighted Average SHGC

What does area-weighted average mean?
300 sq.ft. of windows with 0.32 SHGC
25 sq.ft. of windows with 0.52 SHGC
Area-weighted average SHGC = 0.34

Why an area-weighted average?
■ Decorative windows
■ Glass block for security



US DOE Official Determination 
on the IECC

DOE cited the IECC’s treatment of windows, and 
specifically the 0.40 SHGC requirement, as “major” 
improvements in energy efficiency.

“Setting the maximum SHGC for glazing products 
to 0.40 in climates below 3,500 HDD recognizes 
that low SHGC glazing is an effective cooling load 
reduction strategy in those parts of the country 
needing significant air conditioning.”



Impediments/Myths Affecting Low-E 
Acceptance in Codes and Implementation

Not available/Can’t be done

Costs too much

Doesn’t really work

Need a trade-off



Low-E Windows = Base Case Energy 
Efficient Window Today
Low-e is a simple, low-cost upgrade:

The vast majority of fenestration products sold in the U.S. 
are double-pane units.

Low-e coatings added to double-pane IG units in almost 
any wood/vinyl frame can achieve 0.40 – 0.35 U-factor 
(sometimes argon is also added) – meeting winter heating 
requirements

Low solar low-e can achieve 0.40 SHGC in any frame –
meeting summer cooling requirements

The expected cost of the upgrade is less than $1.50 per 
square foot



Low-E is Available and Widely Used

Glass Type (% of Low-E)

Reflective
3%

Tinted
4%

Low-E
40%

Clear
53%

Low-E Type

Sputter
85%

Pyrolitic
15%



Products with NFRC-Rated SHGCs Less 
than 0.40
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Upgrade Cost of Low-e Glazing
Less than $1.50/sq.ft.

A cost range of $0.80/sq.ft. to $1.35/sq.ft. is 
consistent with surveys conducted of retailers across 
the country

■ Studies
Washington SEO Study (1995): $1.24 to $1.65/sq.ft.
Ohio Study (1996): $0.65/sq.ft.
Xenergy Study (California 2001): $1.68/sq.ft.
Quantec Study (Northwest 2002): $0.89/sq.ft.



Trade-offs for Low-E Not Good Public Policy

HVAC Equipment
Shorter life: 15 years vs. 40 years
Federal Standards constantly improving: 8 SEER, 10 
SEER, 12 SEER, ?? SEER (same for AFUE)
SEER ≠ Real-world efficiency

Window Area: all windows should be energy 
efficient – regardless how many
Insulation: trades off heating for cooling; ignores 
comfort, condensation and other issues



IECC Compliance Alternatives

Chapter 4: Systems Analysis Approach 
Chapters 5 & 6: Envelope-only Compliance:

Individual envelope component performance (graphs)
Total building envelope performance (total envelope heat 
gain/loss of proposed vs. standard)
Acceptable practice for individual components
Prescriptive requirements for individual components 
(prescriptive tables – most common)
Simplified prescriptive requirements (Ch. 6)



RESCheck

Combines Chs. 4 & 5 to create 
prescriptive trade-offs

Broad U-factor trade-offs
HVAC (Ch. 4)
Heating savings for cooling savings

Limited SHGC trade-offs (Georgia)
Shade screens
Overhangs



RESCheck (cont.)



Some Lead IECC Adopters 
(Standard Window Provisions)

Maryland
New York (replacement and electric heat nuances)

Texas



Some States that Have 
Adopted IECC with Unique 
Window Provisions

Georgia
Kansas (mandatory disclosure)
North Carolina (removed SHGC requirement)



Georgia
Thoroughly studied (and restudied) 0.40 SHGC 
requirement – over 1 ½ years.
0.40 SHGC adopted across the entire state (zones 4-
8) – even in the northern counties

Suppliers wanted it; promotes streamlined inventories, 
economies of scale for consumers.

Maximum 0.65 U-factor – under any compliance 
approach.
All windows MUST BE labeled (NFRC or Default 
Label)
18% WWR “base case” for simplified option and 
“Single-Step Compliance Sheets

Impediments/Myths Affecting Low-E Acceptance in Codes and 
Implementation

Not available/Can’t be done
Costs too much
Doesn’t really work
Need a trade-off



Georgia (Cont.)
Maximum “18% Fenestration Area”



Georgia (Cont.)
“Single-Step” Code 
Compliance Sheets 
(Climate Zones 4-8; 
multiple options in 
some zones)



Kansas
Mandatory Disclosure

Meet the 2003 IECC 
(eff. July 1, 2003); or
HERS Score of 80; or
If neither, tell the 
homeowner about the 
energy performance of 
the components in their 
home.

2003 IECC



North Carolina
NC: Climate Zones 6 – 9, 11; 
IECC requires max. 0.40 SHGC 
in Zones 6 & 7.
The area-weighted average 
SHGC of all fenestration 
installed in climates up to 3,500 
HDD shall not exceed 0.40 
(Deleted)
Result:  Double-pane clear dominates (0.60 or 0.55 U-factor 
required in Zones 6 and 7); double pane ≠ energy efficient.
Pick a problem and focus on it for the state or region: reduce 
heating use (winter comfort) = maximum U-factor (0.40 –
0.35); reduce cooling use (summer comfort) = maximum 
SHGC (0.40); reduce both = use both standards …



Some States with Their Own 
Unique Approach

California
Florida

But, both specify energy efficient windows



The Next Frontier

Arizona
Michigan
Illinois



DOE Proposal – New IECC

Energy Efficient Windows Everywhere!



Map of DOE’s Proposed Climate 
Zones



Making Sense of the IECC Window 
Requirements

Become familiar with the prescriptive tables.  They 
often make code compliance easier than with prior 
codes.
Keep abreast of new building product technologies.  
Products that are a novel selling point now may one 
day be useful or even required for code compliance.
Take advantage of available resources, like training and 
compliance tools, offered by the states or industry 
groups.







The Role of Energy Efficient Windows in 
Codes: Conclusion

Windows brought to the forefront
No longer buried in wall
NFRC ratings
Easy-to-use prescriptive tables
Simple SHGC requirement in cooling-dominated climates
0.40 or Lower U-factors for the rest of the country

Simple, low cost upgrade
Market transformation: double-pane dominates; easy low-e upgrade
Low-e can address both summer and winter

Effective, easy opportunities for states to improve housing
Efficient windows for new construction and replacement windows



Resources

• Carmody, et. al., Residential Windows: A Guide to 
New Technologies & Energy Performance (2nd Ed.)

• Efficient Windows Collaborative     
(www.efficientwindows.org)

• Energy Star Windows (www.energystar.gov)

• The Responsible Energy Codes Alliance 
(www.ase.org/reca)

• Texas Window Initiative (www.texwin.com)


